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3Ʉɨɦɩɥɟɤɫɧɵɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ ɊȺɇ, ɝ. Ƚɪɨɡɧɵɣ
Ɇɟɬɨɞɨɦ ɥɟɠɚɳɟɣ ɤɚɩɥɢ ɢɡɭɱɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɪɚɫɩɥɚɜɚ Pb + 0,019 ɦɚɫ.% Ca. ɇɚ ɩɨɥɢɬɟɪɦɟ
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɨɛɧɚɪɭɠɟɧ ɦɚɤɫɢɦɭɦ.
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ, ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ
ɪɚɫɩɥɚɜɨɜ, ɫɢɫɬɟɦɚ ɫɜɢɧɟɰ–ɤɚɥɶɰɢɣ
TEMPERATURE DEPENDENCE OF THE SURFACE TENSION OF 
LEAD-CALCIUM MELT  
A. Z. Kashezhev
1
,Ɇ. H. Ponezhev1, V. Ⱥ. Sozaev2, Ⱥ. I. Khasanov3
1H. M. Berbekov Kabardino-Balkaria State University, Nalchik 
2North Caucasus Mining and Metallurgical Institute, Vladikavkaz 
3Integrated Scientific Research Institute of RAS, Grozny 
The temperature dependence of Pb + 0,019 mass% Ca melt surface tension is 
studied by the method of lying drop. A maximum on the surface tension 
polyterm is found. 
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ȼɜɟɞɟɧɢɟ. ɇɟɫɦɨɬɪɹ ɧɚ ɛɨɥɶɲɨɣ ɨɛɴɟɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ
ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɫɜɨɣɫɬɜɚɦ ɪɚɫɩɥɚɜɨɜ [1; 2], ɜɥɢɹɧɢɟ ɦɚɥɵɯ ɞɨɛɚɜɨɤ
ɳɟɥɨɱɧɵɯ ɢ ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ
ɫɜɢɧɰɚ ɢɡɭɱɟɧɨ ɩɨɤɚ ɧɟɞɨɫɬɚɬɨɱɧɨ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɪɚɛɨɬɟ
ɩɪɟɞɩɪɢɧɢɦɚɟɬɫɹ ɩɨɩɵɬɤɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɥɢɬɟɪɦɵ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ
ɧɚɬɹɠɟɧɢɹ ɪɚɫɩɥɚɜɚ ɫɢɫɬɟɦɵ ɫɜɢɧɟɰ-ɤɚɥɶɰɢɣ.
Ɇɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɣ. ɂɡɦɟɪɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ
ɩɪɨɜɨɞɢɥɢɫɶ ɦɟɬɨɞɨɦ ɥɟɠɚɳɟɣ ɤɚɩɥɢ ɧɚ ɨɪɢɝɢɧɚɥɶɧɨɣ
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɰɢɮɪɨɜɨɣ
ɮɨɬɨɚɩɩɚɪɚɬɭɪɵ. Ɉɛɦɟɪ ɮɨɬɨɝɪɚɮɢɣ ɩɪɨɢɡɜɨɞɢɥɫɹ ɩɪɢ ɩɨɦɨɳɢ
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ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜɟɳɟɫɬɜ [3]. 
Ɉɛɪɚɡɰɵ ɫɢɫɬɟɦɵ ɫɜɢɧɟɰ-ɤɚɥɶɰɢɣ ɝɨɬɨɜɢɥɢɫɶ ɜ Ɏɢɡɢɤɨ-
ɬɟɯɧɢɱɟɫɤɨɦ ɢɧɫɬɢɬɭɬɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢɦ. Ȼ. ɂ. ȼɟɪɤɢɧɚ ɇȺɇ
ɍɤɪɚɢɧɵ (ɝ. ɏɚɪɶɤɨɜ), ɤɨɬɨɪɵɟ ɞɨ ɨɩɵɬɨɜ ɯɪɚɧɢɥɢɫɶ ɜ ɫɢɥɢɤɨɧɨɜɨɦ
ɦɚɫɥɟ. ɉɟɪɟɞ ɢɡɦɟɪɟɧɢɹɦɢ ɭɫɬɚɧɨɜɤɚ ɨɬɤɚɱɢɜɚɥɚɫɶ ɜ ɬɟɱɟɧɢɟ 40 ɦɢɧɭɬ
ɞɨ ɞɚɜɥɟɧɢɹ 0,01 ɉɚ, ɞɚɥɟɟ ɤɚɩɥɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɱɟɪɟɡ ɜɨɪɨɧɤɭ
ɫ ɢɡɨɝɧɭɬɵɦ ɤɚɩɢɥɥɹɪɨɦ ɩɨɞɚɜɚɥɚɫɶ ɜ ɱɚɲɟɱɤɭ ɢɡ ɝɪɚɮɢɬɚ, ɢ ɡɚɬɟɦ
ɧɚɩɭɫɤɚɥɫɹ ɝɟɥɢɣ. ȼɵɞɟɪɠɤɚ ɤɚɩɥɢ ɩɪɢ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ
ɫɨɫɬɚɜɥɹɥɚ 5 ɦɢɧɭɬ, ɚ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɫɴɟɦɤɚɦɢ – 2 ɦɢɧɭɬɵ.
Ⱦɥɹ ɜɵɹɫɧɟɧɢɹ ɫɬɟɩɟɧɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɤɚɩɥɢ ɫ ɜɟɳɟɫɬɜɨɦ
ɩɨɞɥɨɠɤɢ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɨɩɵɬ ɩɨ ɫɦɚɱɢɜɚɧɢɸ ɝɪɚɮɢɬɚ ɱɢɫɬɵɦ
ɫɜɢɧɰɨɦ, ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 1. 
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Ɋ ɢ ɫ .  1 .  ɉɨɥɢɬɟɪɦɚ ɭɝɥɚ ɫɦɚɱɢɜɚɧɢɹ ɝɪɚɮɢɬɚ ɫɜɢɧɰɨɦ
ɂɡ ɪɢɫ. 1 ɜɢɞɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɭɝɨɥ
ɫɦɚɱɢɜɚɧɢɹ ɝɪɚɮɢɬɚ ɫɜɢɧɰɨɦ ɥɢɧɟɣɧɨ ɩɨɧɢɠɚɟɬɫɹ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ
ɡɚɜɢɫɢɦɨɫɬɶ T(Ɍ) ɢɦɟɟɬ ɜɢɞ T = 165 – 0,022 T. ȼɨ ɜɫɟɦ ɢɫɫɥɟɞɨɜɚɧɧɨɦ
ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ T > 140q, ɱɬɨ ɨɡɧɚɱɚɟɬ ɨɬɫɭɬɫɬɜɢɟ ɧɚɛɥɸɞɚɟɦɨɝɨ
ɦɟɠɮɚɡɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɫɜɢɧɰɨɦ ɢ ɝɪɚɮɢɬɨɦ.
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɥɨɬɧɨɫɬɢ
ɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɫɜɢɧɟɰ-ɤɚɥɶɰɢɣ ɩɪɢɜɟɞɟɧɵ ɧɚ
ɪɢɫ. 2 ɢ 3. 
Ɂɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɜ ɫɢɫɬɟɦɟ ɫɜɢɧɟɰ-ɤɚɥɶɰɢɣ ɯɨɪɨɲɨ
ɨɩɢɫɵɜɚɸɬɫɹ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ U [ɤɝ/ɦ3] = 11767,87 – 0,18 T [K], 
ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɧɚ ɩɨɥɢɬɟɪɦɟ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɨɛɧɚɪɭɠɟɧ
ɦɚɤɫɢɦɭɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ T ~ 1115 K, ɪɢɫ. 3. ȼ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ
ɫɩɪɚɜɚ ɨɬ ɦɚɤɫɢɦɭɦɚ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɭɛɵɜɚɟɬ ɩɨ ɥɢɧɟɣɧɨɦɭ
ɡɚɤɨɧɭ V [ɦɇ/ɦ]= 519,90 – 0,11 T [K].
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Ɋ ɢ ɫ .  2. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɥɚɜɚ Pb + 0,019 ɦɚɫ.% Ca 
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Ɋ ɢ ɫ .  3. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɪɚɫɩɥɚɜɚ
Pb + 0,019 ɦɚɫ.% Ca 
ȼ ɫɢɫɬɟɦɟ ɫɜɢɧɟɰ-ɤɚɥɶɰɢɣ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɩɪɢɱɢɧɨɣ
ɧɟɥɢɧɟɣɧɨɫɬɢ ɩɨɥɢɬɟɪɦ ɉɇ ɦɨɝɥɨ ɫɬɚɬɶ ɱɚɫɬɢɱɧɨɟ ɢɫɩɚɪɟɧɢɟ ɤɚɥɶɰɢɹ
(ɯɨɬɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɚɬɦɨɫɮɟɪɟ ɝɟɥɢɹ).
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɫɢɫɬɟɦɟ ɨɥɨɜɨ-ɤɚɥɶɰɢɣ ɤɨɷɮɮɢɰɢɟɧɬɵ
ɥɢɧɟɣɧɨɝɨ ɭɪɚɜɧɟɧɢɹ, ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɟɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ
ɫɩɪɚɜɚ ɨɬ ɨɛɧɚɪɭɠɟɧɧɨɝɨ ɦɚɤɫɢɦɭɦɚ, ɛɥɢɡɤɢ ɤ ɡɧɚɱɟɧɢɹɦ, ɩɨɥɭɱɟɧɧɵɦ
ɞɥɹ ɚɧɚɥɨɝɢɱɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɱɢɫɬɨɝɨ ɫɜɢɧɰɚ. Ɍɚɤ, ɪɟɤɨɦɟɧɞɭɟɦɵɟ
ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɞɥɹ
ɫɜɢɧɰɚ (ɱɢɫɬɨɬɨɣ 99,999 ɦɚɫ.%) ɩɪɢɜɨɞɹɬɫɹ ɜ ɪɚɛɨɬɟ [1]: 
dV/dT =  0,085 ɦɇ/(ɦuK). ɍɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɧɚɢɛɨɥɟɟ
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ɛɥɢɡɤɢɟ ɤ ɧɚɲɢɦ, ɛɵɥɢ ɨɫɭɳɟɫɬɜɥɟɧɵ ɜ [4; 5], ɝɞɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ
ɝɪɚɮɢɬɨɜɵɯ ɩɨɞɥɨɠɟɤ ɜ ɚɬɦɨɫɮɟɪɟ ɝɟɥɢɹ [4] ɩɨɥɭɱɟɧɨ
dV/dT =  0,085 ɦɇ/(ɦuK), ɚ ɞɥɹ ɢɧɬɟɪɜɚɥɚ ɬɟɦɩɟɪɚɬɭɪ 823–1273 K [5] 
ɩɪɢɜɨɞɢɬɫɹ dV/dT =  0,11 ɦɇ/(ɦuK).
ɉɨɹɜɥɟɧɢɟ ɦɚɤɫɢɦɭɦɚ ɧɚ ɩɨɥɢɬɟɪɦɟ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɜ
ɫɢɫɬɟɦɟ ɫɜɢɧɟɰ–ɤɚɥɶɰɢɣ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɧɚ ɨɫɧɨɜɟ ɭɪɚɜɧɟɧɢɹ,
ɩɨɥɭɱɟɧɧɨɝɨ ɋ. ɂ. ɉɨɩɟɥɟɦ ɢ ȼ. ȼ. ɉɚɜɥɨɜɵɦ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ
ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ [6]: 
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Z
i
x
i
Z  – ɩɚɪɰɢɚɥɶɧɵɟ
ɩɨɜɟɪɯɧɨɫɬɢ (
i
k
i
i
x Z Z ¦
 
Z
1
),
i
V  – ɩɚɪɚɦɟɬɪ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɪɚɛɨɬɭ
ɜɵɯɨɞɚ ɦɨɥɹ i-ɝɨ ɤɨɦɩɨɧɟɧɬɚ ɢɡ ɨɛɴɟɦɚ ɪɚɫɬɜɨɪɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ, k – 
ɱɢɫɥɨ ɤɨɦɩɨɧɟɧɬɨɜ ɫɢɫɬɟɦɵ.
ɉɟɪɜɨɟ ɫɥɚɝɚɟɦɨɟ ɜ ɜɵɪɚɠɟɧɢɢ (1) ɭɱɢɬɵɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɪɚɛɨɬɵ
ɜɵɯɨɞɚ ɤɨɦɩɨɧɟɧɬɨɜ ɢɡ ɝɥɭɛɢɧɵ ɪɚɫɬɜɨɪɚ ɜ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɫɥɨɣ,
ɨɬɧɟɫɟɧɧɨɣ ɤ ɟɞɢɧɢɰɟ ɩɨɜɟɪɯɧɨɫɬɢ. ɗɬɨɬ ɜɤɥɚɞ ɨɬɪɢɰɚɬɟɥɟɧ ɢ
ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɹɟɬɫɹ. ȼɬɨɪɨɟ ɫɥɚɝɚɟɦɨɟ ɜ (1) ɭɱɢɬɵɜɚɟɬ
ɢɡɦɟɧɟɧɢɟ ɩɚɪɰɢɚɥɶɧɵɯ ɦɨɥɹɪɧɵɯ ɩɥɨɳɚɞɟɣ ɜɫɥɟɞɫɬɜɢɟ ɬɟɩɥɨɜɨɝɨ
ɪɚɫɲɢɪɟɧɢɹ ɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɦɚɥɨ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɜɟɥɢɱɢɧɟ. Ɍɪɟɬɶɟ
ɫɥɚɝɚɟɦɨɟ ɨɩɢɫɵɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɚɞɫɨɪɛɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɫɩɥɚɜɚ ɫ
ɬɟɦɩɟɪɚɬɭɪɨɣ. Ⱦɥɹ ɩɪɨɫɬɵɯ ɛɢɧɚɪɧɵɯ ɫɢɫɬɟɦ ɬɪɟɬɢɣ ɜɤɥɚɞ
ɩɨɥɨɠɢɬɟɥɟɧ ɢ ɜɨɡɦɨɠɧɨ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ0, ɩɪɢ ɤɨɬɨɪɨɣ
ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɉɇ ɨɛɪɚɳɚɟɬɫɹ ɜ ɧɭɥɶ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ
T < T0 ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɤɨɧɰɟɧɬɪɚɰɢɣ dV/dT > 0, ɱɬɨ ɢ
ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ. ɉɪɢ T > T0 ɡɧɚɱɟɧɢɹ dV/dT < 0 ɢ
ɡɚɜɢɫɢɦɨɫɬɢ V(T), ɤɚɤ ɩɪɚɜɢɥɨ, ɥɢɧɟɣɧɵ [1].
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